Objectives. The Endocrine Society recommends testosterone therapy only in men with low serum testosterone levels, consistent symptoms of hypogonadism, and no signs of prostate cancer. We assessed screening and monitoring patterns in men receiving testosterone therapy in the U.S.
Testosterone therapy in men .40 years of age has increased more than threefold during the past decade. 1 This trend has been driven, in large part, by increases in direct-to-consumer advertisements, the rapid expansion of clinics specializing in the treatment of low testosterone, the development of new drugs and improved delivery mechanisms, and greater diagnostic awareness of hypogonadism. A condition in which the body does not produce enough testosterone, hypogonadism is associated with low libido, muscle wasting, increased body fat mass, osteoporosis, and weakness. [2] [3] [4] Despite the widespread promotion and use of testosterone therapy, the long-term risks of this treatment are not well understood. 3, [5] [6] [7] [8] There has been a longstanding concern that testosterone therapy is associated with greater prostate cancer risk. 9, 10 This view, however, has come into question based on evidence collected in the last decade. 6, [10] [11] [12] During the last five years, a randomized clinical trial 13 and two large observational studies 14, 15 reported that testosterone therapy is associated with an increased risk of adverse cardiovascular outcomes. However, a number of studies have reported that testosterone is not associated with increased cardiovascular risks. 1, 4, 6, 7, 16 Currently, a National Institutes of Health-sponsored large multicenter randomized clinical trial of testosterone therapy is underway to determine the effects of testosterone on atherosclerotic plaque and bone density. 17 The current body of research on testosterone, however, lacks definitive evidence for adverse outcomes because of insufficient statistical power and follow-up time.
In view of these unknown risks, the Endocrine Society-an international professional organization in the field of endocrinology-has formally recommended, since 2006, prescription of testosterone only to men who have unequivocally low testosterone levels, consistent symptoms of hypogonadism, and no signs of prostate cancer. [17] [18] [19] Recent research suggests that a substantial percentage of men begin testosterone therapy without having received appropriate screening and diagnosis. 1 To date, however, no populationbased studies have examined the evaluation of serum testosterone levels after beginning treatment or the number of men who initiate testosterone therapy with a normal serum testosterone level. Moreover, there are no published data on the assessment of prostate cancer screening by serum e-specific antigen (prostate-specific antigen [PSA]) either before or following initiation of testosterone treatment.
Given the dramatic increase in testosterone prescribing during the last decade, understanding the extent to which screening and treatment practices are concordant with current clinical practice guidelines is critically important. We conducted a population-based study using one of the nation's largest national commercial health insurance programs to examine patterns of screening and monitoring in men prescribed testosterone therapy.
METHODS

Data source
This retrospective cohort study used administrative health data from Clinformatics DataMart (CDM). These data represent one of the nation's largest national commercial health insurance databases and have been assessed in a number of previous studies. 1, [20] [21] [22] [23] People enrolled in a large nationwide insurance program that forms the basis of this database may be included in either a fee-for-service plan or a managed care plan, which includes health maintenance organizations, preferred provider organizations, and exclusive provider organizations. For each of these plans, providers are required to submit complete claims to receive reimbursement. We used a combination of outpatient, inpatient, and pharmacy claims data. The pharmacy database contains eligibility and pharmacy claims information for medications from retail pharmacies through a member's pharmacy benefit. For each medication, the database contains medication name, date of fill, formulation (e.g., oral, transdermal, or injectable), dose, quantity, and days of supply. We used the outpatient claims file to identify testosterone injections given in a physician's office.
The study team examined serum testosterone and PSA laboratory results using the CDM laboratory database. We assessed laboratory values only in men with complete information in the laboratory data file during the study period. This file contains laboratory test results that were processed at one of the commercial laboratories that routinely transfer all results to CDM. Approximately 30% of the CDM population had at least one value in the laboratory database. For the present study, 25% of the entire study cohort had complete testosterone laboratory values, and 17% had complete PSA laboratory data. We judged laboratory data for a given patient to be complete if all current procedural terminology (CPT) codes for the patient's laboratory tests had corresponding values in the laboratory data file. Each subject had the following information for each laboratory test performed: a text description of the laboratory test, the Logical Observation Identification Names and Codes laboratory test code, the numerical value indicating the result of the specific laboratory test, the unit of measure corresponding to the result of the laboratory test, and the laboratory vendor that performed the test.
Study cohorts
To be included in the primary study cohort (n561,474), members were required to meet the following criteria: have received at least one testosterone prescription from 2001 to 2010, have a minimum of 24 months of continuous enrollment in the commercial insurance program (12 months prior and 12 months following their testosterone initiation date), and have been at least 40 years of age on the date of testosterone therapy initiation. We also examined two subcohorts of patients who had complete data for laboratory values. To be included in the serum testosterone cohort (n515,308), a member of the primary study cohort had to have at least one serum testosterone value in the laboratory database in the 12 months before treatment. Likewise, to be included in the serum PSA cohort (n510,415), the member had to have at least one PSA value in the laboratory database in the 12 months before treatment. To ensure that the laboratory database included all laboratory values for a given patient, we required that the laboratory value have a match with the CPT claims data based on date. Moreover, the examination of demographic (e.g., age group and region) and clinical (e.g., diagnoses of hypogonadism, osteoporosis, fatigue, and sexual dysfunction) characteristics showed that each of the laboratory database subcohorts was representative of the overall study cohort.
Measures
We included all doses and formulations of testosterone therapy in our analyses. Testosterone therapy was identified using National Drug Codes for topical gel, transdermal patch, and oral formulations ( Figure) and health-care common procedure coding system (HCPCS) codes for injectable formulations. We assessed whether or not a patient received a laboratory test to evaluate endogenous-free or total testosterone by checking for the presence of CPT codes (84402 and 84403) in any inpatient or outpatient claim. Likewise, we assessed whether or not a patient received a laboratory test to assess PSA using CPT codes (84152, 84153, and 84154) and HCPCS code G0103 in any inpatient or outpatient claim. We measured comorbidity using the Elixhauser comorbidity scale.
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Physician specialty
We examined whether or not a patient had seen an endocrinologist or urologist in the 12 months before or 12 months after treatment by examining the provider category field in the outpatient claims data.
Statistical analysis
We present the percentage of testosterone users who received a serum test for testosterone or PSA, or who initiated therapy without evidence of low testosterone or with an elevated PSA value, overall and according to each of the study variables. We used multivariable logistic regression analyses to assess the independent contributions of each study covariate to explain the binary outcomes. We conducted statistical analyses using SAS ® version 9.3. In the 12 months following initiation of testosterone therapy, 52.4% of patients received a serum testosterone test and 43.3% received a serum PSA test (Table 1) . During this period, 8.9% of testosterone users were seen by an endocrinologist and 20.6% of testosterone users were seen by a urologist (data not shown). The odds of having received a serum testosterone test after starting therapy were significantly higher among patients seen by an endocrinologist (AOR53.00, 95% CI 2.80, 3.21) or urologist (AOR51.84, 95% CI 1.76, 1.92) than among those treated by other specialties, including primary care. Likewise, the odds of having received a serum PSA test were significantly higher among patients seen by an endocrinologist (AOR51.75, 95% CI 1.64, 1.85) or urologist (AOR52.40, 95% CI 2.30, 2.51) than among those treated by other specialties, including primary care ( Table 1) .
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RESULTS
As shown in following initiation of treatment (AOR52.37, 95% CI 2.29, 2.46) compared with those who did not. Table 2 presents information on the testosterone users for whom we had complete laboratory data in the 12 months before initiation of treatment for serum testosterone results (n515,308) and serum PSA results (n510,415). Among the first cohort, 19.5% had all serum testosterone laboratory values $300 nanograms per deciliter (ng/dl) before starting therapy. Among the second cohort, 1.5% of patients had at least one PSA value .4 nanograms per milliliter (ng/ml). The multivariable analyses show that the odds of having a PSA .4 ng/ml were higher among patients seen by a urologist compared with those treated by other specialties, including primary care providers, and increased by age. Otherwise, for both of these outcomes, there were no clear patterns of variation by any of the other covariates.
DISCUSSION
This investigation of one of the nation's largest commercially insured populations is the first large-scale study of serum testosterone and PSA testing both before and following the initiation of testosterone therapy. Our findings show that among men who initiated testosterone therapy from 2001 to 2010, many did not receive pretreatment testosterone or PSA screening concordant with the Endocrine Society's guidelines. In addition, among patients who were tested, almost one-fifth had all testosterone levels $300 ng/dl before beginning treatment. The vast majority of testosterone users were not seen by an endocrinologist or urologist either before or after initiation of treatment. These men were less likely to have received guidelineconcordant care compared with those treated by other specialties, including primary care.
To diagnose a patient as hypogonadal, the Endocrine Society recommends measuring serum testosterone twice. This double measurement is recommended because a substantial percentage of men with an initial testosterone level in the mildly hypogonadal range are reported to have a normal testosterone level on repeat measurement. 26 Our study showed that 82.0% of men did not receive two serum testosterone tests and 24.6% were without a single serum testosterone test before beginning treatment. Likewise, no serum testosterone test was noted for 48.0% of men in the 12 months following the initiation of treatment.
It is unclear why such a large percentage of patients failed to receive the recommended testosterone assessment either before or after initiating treatment. It is important to note, however, that a substantial number of men may have taken treatment for only a brief period (,30 days) and therefore did not warrant follow-up. The low percentage of serum testosterone testing in older patients is particularly noteworthy given that many of the symptoms of hypogonadism could be attributable to other age-related conditions. In such cases, confirmation with a testosterone serum test is a necessary step in a potentially complex process. 27 We also reported that 39.3% of new testosterone users did not have a serum PSA test conducted in the 12 months before treatment, and 56.7% did not have this test conducted in the 12 months following treatment. The low rates of PSA testing were also surprising. According to Endocrine Society guidelines, men with a PSA level .4 ng/ml or with a high risk of prostate cancer and a PSA level .3 ng/ml are recommended to be referred to a urologist prior to initiation of testosterone therapy. 18, 28 It is possible that the low rates of PSA screening may be attributable to some physicians' concerns about overscreening for prostate cancer. Previous research has reported that such overscreening may lead to overdiagnosis of prostate cancer, which can result in excess biopsies and unnecessary treatment. 29 Our findings that 19.5% of new testosterone users who were tested had serum testosterone $300 ng/ dl suggests that, despite the Endocrine Society's recommendations, there may not be a broad consensus among physicians regarding the clinical definition of hypogonadism. In fact, the cut-point for low testosterone varies substantially across different international scientific societies. 30 This variability may contribute to some physicians' perceptions of an ambiguous diagnostic criteria for hypogonadism. In addition, it is possible that, in some cases, physicians judge that symptoms (e.g., fatigue and loss of muscle mass) merit monitored testosterone therapy, even in the absence of clinically defined low testosterone levels. It is also possible that some physicians are unaware of the Endocrine Society guidelines.
Limitations
This study's findings must be interpreted in view of several limitations. First, the study cohort-male enrollees aged $40 years in an employment-based commercial insurance plan-may not be representative of the broader population of males aged $40 years in the U.S. In particular, those aged $65 years may be substantially different from the majority of older men who are retired and rely on Medicare as their primary source of health care. Second, inherent in analyses of administrative claims databases is the possibility of inaccurate or incomplete data. For example, prescription claims data do not capture information on pharmaceutical agents purchased outside the plan. Given the perceived social stigma associated with receiving testosterone therapy, many men may choose to seek treatment outside of their usual health-care setting. Moreover, our data would not have captured testosterone laboratory tests that were conducted at a Veterans Affairs clinic or a commercial testosterone clinic. We also did not examine testosterone laboratory tests that were conducted more than 12 months prior to testosterone therapy initiation. Third, information on the physician who prescribed the medication was not available in this data source, and we were unable to determine whether or not patients who were seen by an endocrinologist or urologist were prescribed testosterone by another provider. Fourth, information on race/ethnicity and socioeconomic status was not available for the study population.
Despite these limitations, we believe this study has important strengths, including a large sample size, representation of all U.S. geographic regions, access to detailed laboratory data, and inclusion of a broad age range. Because this study was carried out in one of the nation's largest commercially insured populations, these findings have a high degree of statistical power and are likely to be representative of other commercially insured populations across the U.S.
CONCLUSION
We found that substantial numbers of men receiving testosterone therapy had inadequate screening and monitoring recommendations of the Endocrine Society, and many began treatment despite having testosterone levels in the range considered normal by the Endocrine Society. These findings are of clinical and public health significance given the rapidly increasing number of men receiving testosterone in the U.S. Further research of screening and monitoring-particularly studies of the clinical decision-making processes that underlie these patterns-will be important given our limited knowledge of the short-and long-term risks of testosterone therapy. 5, 6, 13, 31 This study was supported by grants #5P30AG02482, #1UL1RR029876-01, and #R24HD065702 from the National Institutes of Health (NIH). NIH had no role in the design or conduct of the study; in the collection, analysis, or interpretation of data; or in the preparation, review, or approval of the manuscript.
